Introduction
Myasthenia gravis (MG) is an acquired, chronic autoimmune disease characterized by a rapid increase in skeletal muscle weakness. It has a worldwide prevalence of 40-180 per 1,000,000 individuals, with an annual incidence rate of 4-12 per 1,000,000 individuals. 1 The disease may occur at any age with two peaks: the first at ~30 years of age with female prevalence and the second at ~60-70 years of age with male prevalence. On the basis of the symptoms, MG is categorized into two main types: ocular MG (OMG) and generalized MG (GMG). The coexistence of other autoimmune diseases is observed in 30% of patients. 2 Viral infections, stress, pregnancy, and puerperal period are some of the well-known factors that may predispose one to MG. 3 Approximately 80%-85% of patients have detectable antibodies against the nicotinic acetylcholine receptor (AChR), which leads to a reduction in the number of AChR molecules in the postsynaptic membrane of the neuromuscular junction. 4 In some patients, the presence of muscle-specific kinase antibodies and antibodies against low-density lipoprotein receptor-related protein 4 is also observed. 5, 6 The management of MG is based on improving the efficiency of the neuromuscular junction by using cholinergic drugs. In case of ineffective treatment, the second-line therapy usually involves the additional use of corticosteroids, immunosuppressants, and in some patients, monoclonal antibodies (eg, rituximab). In cases of myasthenic crisis, rapid improvement can be achieved by using intravenous infusions of immunoglobulins or plasmapheresis. In addition to the pharmacological treatment, thymectomy is considered a proven and effective method of long-term treatment, which is supported by the key role of the thymic tissue in the pathogenesis of MG. Immunoregulatory defects in patients with MG are observed in both regulatory and effector T cells.
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The natural regulatory T cells that differentiate in the thymus are clearly less functional in the thymus of patients with MG. This phenomenon is also observed in the peripheral parts of this organ. However, effector T cells in the thymus are resistant to suppression by regulatory T cells. 7, 8 This phenomenon is associated with changes in the expression of proinflammatory cytokines produced by T cells in MG patients, for example, IL-17, interferon-gamma, and IL-21. These data suggest that the inflammatory environment in the MG thymus changes the function and plasticity of CD4 + T lymphocytes, which leads to impaired functions of regulatory T lymphocytes and effector T-cell resistance to suppression. [9] [10] [11] The multidirectional action of adipokines (ie, protective in metabolic diseases and proinflammatory in autoimmune diseases) suggests that changes in the concentrations of adipokines may also be related to the pathophysiology of MG. 12 The relationship between the production and effect of adipokines in MG has not been extensively investigated. So far, only a single study by Zhang et al has been published. They concluded that increased resistin concentration in serum correlated with the severity of symptoms in patients with GMG and the presence of thymoma. It is believed that the proinflammatory and anti-inflammatory effects of individual adipokines may influence the course of MG, both indirectly and directly, affecting the functioning of the neuromuscular junction and the production of specific antibodies. 13 Adipose tissue was previously perceived merely as a reservoir of fat. Studies conducted at a molecular level, mainly in patients with metabolic syndrome, have changed this perception. The adipose tissue is now considered as a very active endocrine organ that produces inflammatory cytokines, enzymes, and nitric oxide.
14 More importantly, it is also a source of peptide hormones (adipokines) such as adiponectin, leptin, visfatin, omentin, and resistin. Adipokines are biologically active agents, and perform immune and regulatory functions in the process of energy conversion in fat cells of mammals. Together with other substances produced by adipocytes, such as proinflammatory cytokine IL-6, tumor necrosis factor alpha (TNF-α), and chemokines, adipokines affect the functions of macrophages and monocytes. Adipocytes also synthesize molecules such as Clq/TNF-related proteins, thus affecting innate immunity. 15 It has been demonstrated that adipokines may have a protective effect in metabolic diseases such as atherosclerosis or diabetes, whereas they may exert a proinflammatory effect in autoimmune diseases associated with chronic inflammation.
14, 15 It has also been proven that a higher number of fat cells increases the production of proinflammatory cytokines and the level of C-reactive protein (CRP).
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Recent studies have shown that adipokines play a significant role in autoimmune diseases such as systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). Patients with SLE often demonstrate metabolic changes that may be due to the disease, genetic background, or treatment. De Sanctis et al observed that the concentration of leptin was lower in the group of patients with SLE than in the control group, but the concentrations of adiponectin, ghrelin, and visfatin were higher in patients with SLE. Adipokine levels were independent of treatment. 16 Similar results were obtained in a meta-analysis by Zhang et al, which showed a higher plasma level of adiponectin in patients with RA and SLE compared with healthy individuals. Because adiponectin is known to have potent anti-inflammatory properties, high adiponectin levels in patients with systemic autoimmune disease may alleviate the inflammatory response. However, it is necessary to determine the exact consequences of increased serum adiponectin concentration and its influence on the development of the metabolic syndrome and the risk of atherosclerotic cardiovascular diseases. 17 Observations on leptin are ambiguous. Li et al did not show a significant difference in serum leptin levels between the group of SLE patients and the control group. However, it was noted that serum leptin levels were significantly higher in the Asian population subgroup of patients with SLE (aged  40 years and body mass index [BMI]  25). 18 Additionally, Wislowska et al did not report differences between SLE patients and healthy subjects. However, a correlation was found between BMI and serum leptin levels in both the groups. Serum leptin concentrations in patients with SLE with arthritis and central nervous system involvement were significantly lower compared with patients with SLE but without arthritis and central nervous system involvement. Perhaps, this suggests that active chronic inflammation may decrease leptin plasma concentration levels. 19 The studies on the involvement of resistin in SLE and RA seem to indicate its proinflammatory properties. The levels of resistin concentration measured by Almehed et al were not different between patients with SLE and the control group. However, it was shown that resistance to treatment was due to general inflammation, kidney disease, glucocorticoid treatment, and bone mass loss. 20 Slightly different results were observed in patients with RA. Huang et al conducted a metaanalysis of available studies, which confirmed that serum resistin levels were significantly elevated in patients with RA. 21 In addition to adipocytes, adiponectin is also produced in skeletal muscles and epithelial cells. High molecular weight adiponectin has been shown to induce IL-6 secretion, while the low molecular weight form results in a decreased production of IL-6 and inhibition of IL-10 synthesis, thus increasing the anti-inflammatory effect. 22 Leptin is a cytokine presenting proinflammatory properties. Its main activity is related to appetite control, modulation of the immune response and inflammation, functioning of the neuroendocrine system, energy homeostasis, hematopoiesis, and angiogenesis. Leptin results in an increased production of proinflammatory cytokines such as TNF-α, IL-6, and epithelial cell growth factor. It also stimulates chemotaxis and synthesis of reactive oxygen molecules. Furthermore, it affects the proliferation of natural killer cells and T cells. 23 Resistin is produced in the pancreas, adipocytes, muscles, and macrophages. Stimulation of resistin gene expression is mediated by proinflammatory cytokines such as TNF-α, IL-6, and lipopolysaccharides. Its main action is to increase insulin resistance, and hyperglycemic and proinflammatory effect. It also inhibits adipocyte differentiation and maturation. 24 Visfatin, known as pre-B-cell colony-enhancing factor 1, is an enzyme of the nicotinamide adenine dinucleotidepositive reserve biosynthetic pathway. Studies confirmed that visfatin exerts a multidirectional effect; that is, it stimulates the production of proinflammatory cytokines (IL-1, IL-6, TNF-α), causes a decrease in the number of apoptotic cells, and influences the process of proliferation, angiogenesis, and invasion of tumor cells. Additionally, it intensifies oxidative stress, stimulates differentiation of pre-B lymphocytes, and intensifies leukocyte transmigration. 25 Omentin is mainly produced in adipocytes. In smaller amounts, it is also produced in the small intestine, lungs, and heart. Its biological functions are largely unknown. Recent reports have indicated that it may have a protective role in innate mechanisms of the immune response. It probably participates in the defense processes against bacterial intestinal infections. 26 The aim of this study was to assess the role of select adipokines in the pathophysiology of MG, which has not been investigated yet. The identification of the causative agent or a factor affecting the course of the disease and the effectiveness of treatment would be crucial elements in improving the diagnosis and therapy of patients with MG.
Patients and methods ethical permission
Fifty patients diagnosed with MG (age 60.7 ± 12.4 years) were enrolled in the study. The study participants were recruited from the Professor Stanisław Szyszko Independent Public Clinical Hospital No 1 in Zabrze, Poland. The control group consisted of 30 age-and gender-matched healthy volunteers (age 53.8 ± 11.0 years). All participants were informed about the study design, and written informed consent was obtained from all participants. The project was accepted by the Bioethics Committee of the Medical University of Silesia, Katowice, Poland (no KNW/0022/ KB1/68/15 of 7 July 2015).
Patients
History was obtained from all patients and healthy individuals participating in the study. Physical examination was performed by a neurologist. Additional electrodiagnostic evaluation included electromyography. The following anthropometric features were measured and estimated: height, weight, and BMI. History of thymoma, atrophic thymus, and thymectomy was considered. Furthermore, the patients were assessed using three selected scales used in the treatment of patients with MG: Myasthenia Gravis Composite (MG Composite), Myasthenia Gravis-Specific Activities of Daily Living, and Myasthenia Gravis Quality of Life 15 (MG-QOL-15).
27-29 Table 1 presents more information on the clinical characteristics of the patients.
inclusion and exclusion criteria
The study participants were selected according to specific criteria. The inclusion criteria were as follows: diagnosis 
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Rozmilowska et al of MG, disease duration of at least 6 months, and age 18-85 years. The patients were also randomized according to the type of MG (ocular or generalized form), level of symptom intensity, level of antibodies against nicotinic AChR and the regimen of previous treatment, and the absence of concomitant autoimmune diseases (eg, psoriasis, Crohn's disease, colitis ulcerosa, connective tissue disease, or Hashimoto's thyroiditis).
The exclusion criteria were as follows: age  18 years, suspected or diagnosed Lambert-Eaton myasthenic syndrome, diabetes mellitus, neoplastic disease (active or present within the last 5 years), obesity (BMI  30), dementia, mental disorders, active infection, history of cerebrovascular insult, and administration of antioxidants or vitamins during the last 3 months.
In addition, patients were divided into groups based on the following: the level of AChR antibodies, disease duration, mediastinal neuroimaging assessment, time after thymectomy, duration of treatment with acetylcholinesterase inhibitors, and the clinical condition according to the Myasthenia Gravis Foundation of America (MGFA) clinical classification. 30 
Data collection
Blood samples were collected from all study participants. A total of 15 mL of venous blood was collected from each patient (5 mL was used for immediate basic biochemical and blood count analyses, while the remaining 10 mL was centrifuged; the serum samples were frozen at −80°C until further use). Serum concentrations of select adipokines, namely adiponectin, leptin, omentin, visfatin, and resistin, were determined using the ELISA kit in compliance with the manufacturer's instructions (BioVendor). The measurements were repeated three times in order to confirm the obtained results. In the Adiponectin ELISA, standards, quality controls, and samples were incubated in microplate wells precoated with recombinant human adiponectin together with polyclonal antihuman adiponectin antibody conjugated to horseradish peroxidase (HRP). After the washing step, the HRP conjugate bound to the adiponectin immobilized on the wells was allowed to react with the substrate solution (3,3′,5,5′-tetramethylbenzidine). The reaction was stopped by adding acidic solution, and absorbance of the resulting yellow product was measured. The absorbance was found to be inversely proportional to the adiponectin concentration (450 nm). A standard curve was constructed by plotting absorbance values against adiponectin standards, and concentrations of unknown samples were determined using this curve.
Thawed samples were mixed thoroughly immediately before the assay. Samples were diluted 30× with dilution buffer prior to the assay, for example, 10 µL of sample + 290 µL of dilution buffer for duplicates.
The measured concentration of samples and quality controls calculated from the standard curve had to be multiplied by a dilution factor of 10 because standards were diluted 3× and samples and quality controls were diluted 30×, for example, 1.05 µg/mL (from standard curve) × 10 (dilution factor) = 10.5 µg/mL.
statistical analysis
Statistical analysis was performed using Excel and Statistica 12 PL by StatSoft. Data are presented as mean ± SD or median and interquartile range. The Shapiro-Wilk test was used to evaluate the normality of the distribution. Data were analyzed using the Mann-Whitney U-test, Kruskal-Wallis test, and post hoc analysis. Pearson correlation analysis was performed by calculating the Pearson correlation coefficient. Statistical hypotheses were verified based on the significance level p  0.05.
Results
Fifty patients with MG aged 60.7 ± 12.4 years and 30 healthy individuals aged 53.8 ± 11.0 years were recruited from the Outpatient Neurology Clinic. No statistically significant differences were found in gender or age between patients with MG and controls ( p = 0.724 and 0.219).
The mean duration of the disease was 9.48 ± 6.59 years, and the mean level of AChR antibodies was 8.79 ± 8.40 nmol/L. In total, 82% of patients were AChR antibody positive and 18% were AChR antibody negative.
Ninety-eight percent of patients were treated with pyridostigmine bromide. The usual adult dose was 0.5-2 tablets (30-120 mg) taken three to six times daily. A total of 16% of patients were administered steroids, and 6% were given azathioprine.
The average BMI was 24.96 (range 21.15-32.75) in the patients with MG, while it was 22.85 in the healthy individuals -the differences did not show statistical significance. Tables 2 and 3 In the performed analysis, the obtained median levels of adiponectin were higher in the patients with MG compared with the healthy control group, and this difference showed statistical significance at p  0.001. On average, the adiponectin concentration was 2.5 times higher. Detailed information is presented in Table 5 and Figure 1 .
Numerous relationships were found between the concentrations of adipokines in the serum of patients with MG and the selected clinical factors. A positive correlation was observed between the concentration of adiponectin and the form of MG, the intensity of the symptoms of apokamnosis, and the concentration of IL-33. Patients with GMG had statistically significantly higher adiponectin levels compared to patients with OMG ( p  0.001, r = 0.5983). It was shown that the intensity of limb muscle fatigue noted during neurological examination correlated positively with Post hoc analysis of adiponectin concentration changes in the serum of patients with MG in relation to the clinical condition of patients according to the MGFA classification showed a statistically significantly higher adiponectin concentration in patients with moderate clinical symptoms (MGFA class IIIb) compared with patients with mild clinical symptoms (MGFA classes I and IIa; Table 6 ).
Statistical analysis showed a statistically significantly positive relationship between visfatin concentration and CRP level ( p  0.001; r = 4.966). The only statistically significant relationship was observed between AChR antibody concentration and visfatin concentration. However, the correlation was low ( p = 0.015; r = 0.3429).
In the performed analysis, the obtained median levels of resistin were higher in the patients with MG compared with the healthy control group, and this difference showed statistical significance at p  0.001 (Figure 1 ). The relationships were found between the concentrations of resistins in the serum of patients with MG and the selected clinical factors. A positive correlation was obtained between resistin concentration and the dose of acetylcholinesterase inhibitors ( p = 0.003; r = 0.4102).
In the case of leptin, a strong positive correlation was observed between leptin concentration and the duration of disease ( p  0.001; r = 6.313), the duration of treatment with acetylcholinesterase inhibitors ( p  0.001; r = 0.8062), Table 7 shows the correlations obtained in the study. Considering the selected clinical factors, a post hoc analysis was performed and significant changes were observed in the concentration of leptin. It was found that serum leptin concentration was statistically significantly higher in patients with a disease duration of over 10 years ( p  0.001). Similar results were obtained in patients treated with acetylcholinesterase inhibitors for a duration of over 10 years ( p  0.001). It was observed that leptin concentration was statistically significantly higher in patients with diagnosed mediastinal pathology in the form of hyperplastic thymus than in patients without confirmed pathology ( p  0.001).
The results of the analysis are shown in Figures 7-9 .
No relationship was observed between the elevated levels of the analyzed adipokines and the use of azathioprine. The concentrations of selected adipokines did not differ significantly between patients treated with acetylcholinesterase 
Discussion
Currently, little is known about the effect of adipokines on the course of MG. Only a few exploratory studies have investigated this issue. In their study, Zhang et al showed that serum resistin levels were elevated in patients with GMG symptoms and thymoma, which correlated with the severity of the disease. Resistin was selected by those authors as a potential inflammatory marker in the course of MG. 13 Two subsequent studies were related to patients undergoing glucocorticoid therapy in the course of MG. In the first study, Braz et al noted lower resistin levels and higher leptin concentrations in patients with MG treated with high doses of steroids as compared to the control group. No differences were observed in the plasma levels of adiponectin. Similar Table 6 Post hoc analysis of changes in adiponectin concentration levels in the blood serum of patients with Mg in relation to the duration of treatment with acetylcholinesterase inhibitors results were obtained by Braz et al in another study, after an additional assessment of the adverse effects of long-term steroid therapy on the development of osteoporosis. 31 The potential contribution of selected adipokines has been the subject of observation and research with respect to many diseases, particularly those with autoimmune etiology. This also applies to other neurological disorders, such as multiple sclerosis (MS) or vascular diseases of the central nervous system where significantly more reports are available. A study by Natarajan et al showed that in patients with different subtypes of MS and clinically isolated syndrome, adipsin had a predictive potential as a neurodegeneration biomarker. The obtained data correlated with the disease activity, the Expanded Disability Status Scale, and the volume of changes in magnetic resonance imaging. 32 The role of adipokines in the regulation of immune responses in MS was also found in other studies. However, very little is known about their effect on MS.
The role of adipokines is more complicated in patients with ischemic stroke. Gorgui et al in their meta-analysis indicated that the relationship between adiponectin and the presence of atherosclerotic plaques in the carotid arteries depended on the duration, severity, and nature of the underlying disease. Increased levels of adiponectin are likely to be associated with an increased risk of ischemic stroke. The results of the meta-analysis of mortality remain ambiguous. 33 In our study, we observed that adiponectin levels in the serum of patients with MG were directly proportional to the occurrence of the generalized form of the disease and the severity of generalized symptoms of muscular fatigue (MGFA class IIIb). Significantly higher serum adiponectin levels were found in patients receiving higher doses of acetylcholinesterase inhibitors. A relationship between higher adiponectin levels and IL-33 level in the serum of patients with MG was also observed. Among patients with longer disease duration and longer time of treatment with acetylcholinesterase inhibitors, significantly higher concentrations of both leptin and resistin were observed in those presenting with neurological symptoms. The concentration of resistin was directly proportional to the dose of drugs used and the level of inflammatory markers. Visfatin concentrations in the blood serum of patients with MG showed a correlation with the concentration of inflammatory markers, the severity of clinical symptoms of the generalized form of the disease, and a higher level of AChR antibodies. All these parameters were augmented in patients with MG and the increase was statistically significant in most groups of patients. Changes in the concentrations of adipokines in the blood serum of patients with MG suggest their possible contribution to the pathomechanism of the disease. Adiponectin has mainly an anti-inflammatory effect; hence, according to our observations, high level of adiponectin in patients with severe symptoms of the disease may be indicative of the body's response to exacerbation of the disease. The obtained results allow us to present some hypotheses. The problem seems to be bidirectional and poses the following question -can we postulate the role of adiponectin as a factor involved in the pathogenesis of the disease or rather treat it as a biomarker? Both solutions seem to be probable; however, our observations at this stage of the study rather support the role of adiponectin as a biomarker. It should be emphasized that these are only preliminary assumptions and further studies are needed in this respect.
Resistin, with its mainly proinflammatory effect, also showed a positive correlation between clinical symptoms of MG and an increase in its concentration in relation to healthy persons. Our results confirm a significant relationship between a higher concentration of leptin in patients with a disease duration and the length of treatment with acetylcholinesterase inhibitors of over 10 years. Therefore, it should be verified whether the elevated leptin level is the result of the disease itself, its natural course, or the long-term impact of the drug use. The proinflammatory nature of leptin may suggest that the duration of the disease could negatively affect disease control in selected patients. Further observation is Table 7 selected correlations between adiponectin, leptin, visfatin, and resistin concentrations in the serum of patients with Mg depending on clinical factors characterizing the course of the disease effect of changes in the concentration of adipokines on the function of the neuromuscular junction.
A parallel study on the role of IL-33 in the etiopathogenesis of MG conducted in our center revealed the possibility of a correlation between the concentration of this IL and the severity of clinical symptoms of MG. In the present study, we performed an additional analysis, based on which we observed that IL-33 levels showed a strong relationship with adiponectin levels in the serum of patients with MG. 34 
Conclusion
We are aware of the limitations of our study primarily related to a small group of patients. In addition, performing only single tests cannot reflect the mechanisms occurring in the course of the disease. The current study is a pilot trial, and our observations should be continued and further investigated. 
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